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observed which is probably associated with the
instrument. Experiments have shown that the
frequency in the above cases depends on the concen-
tration of H2S04, KBrOa• Ce4+ or Mn2+ and the
organic substrate an.d temperatur~3-5: In sOJI.le
cases it depends on time, The periodic curves III
Fig. 1 can be regarded as made up of simple harmonic
curves of definite amplitudes, phases and periods.
The wavelengths of the components are in the
ratios ")..:")../2:"),,/3: •.••. , so that their frequencies
are in the ratio w: 2w: 3w: .
I t should be noted that the number of harmonics
can be ascertained by Fourier analysis provided
there is not anharmonicity. Very often relaxation
oscillations are observed in Belousov-Zhabotinskii
reagent and the task would become difficult.
One may expect a relation between the number
of harmonics and the number of redox couples.
Detailed mechanistic examination is necessary to
establish such a relationship.
Thanks are due to the CSIR for supporting the
investigation and for the award of a senior research
fellowship. Authors are thankful to Prof. R. P.
Rastogi and Dr Kehar Singh for helpful discussions.
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TABLE 1 - FOURIER ANALYSIS OF THE SYSTEMS (1) to (5)
Reac-
tion
system*
Fourier series Number of
significant
harmonics
Frequen-
cies
present
w, 2w, 3w(1)
(4)
y = 4·8 + 1-16 sin wt -5,6
sin 2wt
+3·7 sin 3 wt 4·2
cas wt + 0'5 c-is 2 wt
-1·04 CDS 3 tot + .
V = 6,09-2·1 sin wt -5·5 sin
· 2 wt .
+ 0·2 sin 3 wt + 0·7 sin
4 wt .
+ 6·14 cos wt -0·5 cos
2 wt + 0'2 cos 3 wt - 0'3
cos 4 wt
+ 1·0 cos 5 wt +: .
y = 6'5-8·3 sin wt -2·76 sin
2 uit
-1·65 sin 5 wi
-1·2 sin 7 tut .
V = 6·5 + 7·6 sin wi + 3·8
· sin 2 wi
+ 2·5 sin 3 wi + 1·9 sin
4 tut
+1·5 sin 5 wt ..... :
+ 7·0 cos wt + + 1·76
cos 2 wi
+ 0·78 cos 3 wt + 0·44
cos 4 wi
+ 0·3 cos 5 wt + .
V = 5·7 + 2·4 sin wt + 0·14
· sin 2 wi
-1·8 sin 3 wt-
- 0·6 sin 4 wi + 1· 5 sin
5 wi
+ 3·7 sin 6 wi + .
-0·5 cos wi -9·1) cos
2 wi
- 2·6 cos 3 wi + 2 5 cos
4 uit + 4·3 ens
5 wi .
5 w, 2w, 3w,
4w, 5w
3
(2) 4 w, 2w, 4w,
5w
(3) 4 w, 3w, 5w,
7w
5 w, 2w, 3w,
4w, 5w
(5)
*See text.
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Hydrodynamic permeability and thermo-osmotic
permeability of different solutions of sodium chloride
and potassium sulphate have been measured through
pyrex membranes impregnated with copper ferrocya-
nide. It has been found that hydrodynamic permeabi-
lity remains the same for differ:ent solutions of the
same electrolyte but thermo-osmotic permeability
changes significantly. It decreases with increasing
concentration of the electrolyte.
THERMO-OSMOSIS is of immense biological
interest since it has been pointed out that in
some plant tissues water flows from warmer side
to the colder side indicating that thermo-csmosis
might play an important role in bio1cgical mcbiliza-
tion of fluidst->. Thermo-osmosis of liquids has
been studied by many workers+? and a thermcdy-
namic theory of the same has been developed.
Thermo-osmosis of liquid mixtures has also been
studied very recentlys-", Thermo-osmosis of elec-
trolytes has, however, been given little attenticn
so far. Carr and Sollner-? have carried some
experiments and have come to the conclusion that
thermo-osmosis is an electrochemical phencmencn
related to electrc-osmosis. However, sufficient 1eli-
able experimental data have not been provided so
far to settle this point.
In this paper thermo-osmosis of sodium ch1cride
and potassium sulphate has been studio d and the
dependence of thermo-osmotic permeability on con-
centration examined. "
We consider two compartments filled with solu-
tions of same concentration separated by a membrane
having pores whose diameters are small enough to
avoid purely viscous flow. The two compartments
are kept at two different temperatures Tl and T2•
Following methods of non-equilibrium theimcdyna-
mics, the dissipation functic n-! can be written as
6.T
cP= Iv y+IsA[Ls+IwA[Lw ... (1)
where the subscripts 5 and W denote respectively
the solute and the solvent.
It is known that
6.[Lw= 'tIw(6.P-A7t) ... (2)
and
V 6.7t
6.[LS = s6.P+-=- ... (3)
Cs
where Cs is the average concentration. Introducing
explicit expressions for A[LS and A[LW and rearrang-
ing, Eq. (1) can be written as
cP= (jw'tlw+ Is'tls)6.P+(~; - Iw'tlw )A7t+I v(~f)
... (4)
'Vwand 'V5 are the molar volumes of the solvent
and the solute respectively: The total volume
flow across the membrane IS
Iv = (]wVw+Isl1s) ... (5)
and hence
6.TcP= IvAP+ I D6.7t+Iv T ... (6)
where ID represents exchange flow.
Thus, the phenomenological equations can be
written as
I v = Lll6.P+L12D.7t+LlU (6.:)
I D= L216.P+L226.7t+L2U (6.:)
I v = LU16.P+Lu26.7t+Luu (D.;)
... (7)
... (8)
... (9)
NOTES
In the conditic n of steady state when volume flow
is zero
(
AP)Iv=O = _ LlU.!
AT A,,=O Ln T ... (10)
The explicit dependence of LlU on pore size is not
knc wn. He wever, for gases Lll and LlU can be
shown to be propoi ticnal= to r3•
In earlier studies" on thermo-osmosis, cellophane
membranes were used. Possibility of deformation
of the membrane when higher pressure difference
was applied affected the reliability cf the Jesults.
Hence pyrex sinter (G4) was selected since it is
sufficiently strong to withstand high pressure.
However, as such it does not exhibit thermo-csmosis.
This is due to the fact that pore size is much larger
than that required for thermo-osmosis to occur.
The size of the pores was reduced by impregnating
copper fer rccyanide in the mernbr ane.
Experimental prc cedui e fer measurement of
hydr~dynamic .and therrno-c smotic permeability as
descnbed earliers-" was used. Average pore size
of the membrane was measured and was fcund to
be of the order of 10-6 cm. The fhickness of the
membrane was 0·25 em and the area 7·98 ern".
From .~ig. 1 it is evident that hydrodynamic
permeability of water as well as solutions of sodium
chlr ride in water is the same. The same is true
for hydrodynaJ?ic 'permeability of potassium sul-
phate. !hIS IS in accordance with previous
abservation'' '. Ho~ever, thermo-osmotic permeability
decreases WIth mcreasmg C( ncentratir n of the
electrolytes (Fig. 2). The values cf thermc-c smotic
coefficients are plotted as a functicn of concentration
of th~ electrolyte in Fig. 3. The hydrodynamic
coefficient for NaCl and K2S04 solutions are 3·06
and 1·58 kg-l Sm4 in the concentration range O-O·lM.
In ord~r t~ assess whether any difference of
conentration IS developed during thermo-osmotic
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Fig. 1 - Hydrodynamic permeability of (I) water (0) and
O'025M NaCl solution (e); and (II) water (0) and O'025M
K2S04 solution (el
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Fig. 2 - Thermc-osmotic permeability of solutions of sodium
chloride in water [(0) water, (e) 0'02SM, (4)) O'OSOM,
(x) 0·075M and (f)) 0·100M sodium chloride
o
o 0·150·05 0·'0
(moleslt iter)
Fig. 3 - Plots of thermo-osmotic coefficient against concen-
tration of the electrolytes
permeability measurement, density of the liquid on
the two sides of the membrane W2S measured after
steady ~.tate was reached. It was found that density
remained practically constant, within experimental
error. Density determinat icns were also made
when the flow was allowed to take place under
pressure grac:jent. Again the difference in density
on the two sides of the membrane were found to be
negligible. Hence it may be concluded that tlC
is negligible.
From these experiments it may be concluded
that membrane does not possess semipermeability.
This is due to the fact that membrane is not of
copper feEocyanide but. of pyrex sinter impregnated
with copper Ierrocyanide. .
It is apparent from Fig. 3 that t~ermo-o~mo~lc
permeability coefficient decreases continuously with
increase in concentration of the electrolytes. Thermc-
osmosis occurs when the mean free path is compar-
able to pore diameter, i.e. the thermo-osmotic flow
342
would be more if the molecules move without under-
going ~ny collision. In. the case of electrolytes,
water ions are also carried away and they must
be hydrated. When the concentraticn of the ions
is increased, the c~ances of molecular collision during
transport would increase and hence thermo-osmotic
velocity would diminish with increase in ccncentra-
tion of the electrolytes. The hydrodynamic perme-
ability on the other hand would not depend
s~gnificantly: on. concentration of the electrolytes
since the VISCOSItyof the aqueous solutions of the
electrolytes are not very much different.
The author is highly thankful to Prof. R. P.
Rastogi and Dr Kehar Singh of the University of
Gorakhpur for their valuable suggestions and en-
couragement.
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It is shown that the power output of photogafvantc
cells is limited by their high internal resistance which
cannot be reduced by reducing the ohmic resistance
alone, e.g. by addition of inert electrolytes. To over-
COInethis diff culty heterogeneous cells have been em-
ployed wherein an internal bias potential is provided
by an appropriate redox couple in the dark compart-
ment. The net power output obtainable in such cells
is at least a factor of ten higher as compared with that
obtainable in homogeneous cells hitherto employed.
A few other advantages of the heterogeneous cell over
the homogeneous one are also indicated.
INVESTIGATIONS of phctcelectrc chemical pheno-
menon have, in recent years, assumed great
prac~ica~ impcrt2nc.e in view of their possible
~pphcatJOn .t? the direct C( nversic n of solar energy
into electricity, After the pioneering work of
